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We are here because we, MassGIS, in partnership with state 911, 

are working on a project to develop a statewide map of address 

locations and we want you all to know what we are doing and to offer 

you the opportunity to get involved with this project going forward.  

State 911 is our partner in this project because what we are doing 

will support the new 911 systems to be deployed over the next few 

years, the so-called Next Generation 9-1-1 systems.  That’s why 

we’ve invited public safety officials to these workshops.  But we 

believe that the GIS data products that we’ll be discussing are very 

valuable for other municipal departments, so we’ve also invited 

municipal GIS staff and other GIS users as well.  our goal is to 

engage with anyone and everyone who is interested in GIS and 

addressing.  The benefits from this project will be very broad.  In fact, 

we’ve already created millions of dollars worth of GIS data for 

municipalities to use and in the process we’ve saved local 

governments lots of money that they might otherwise have spent.   

  

There are a number of reasons we want you all to know what we are 

doing:   

You may be interested in creating or using products similar to those 

that we are creating - by knowing what we have done you can avoid 

re-doing the same work  

Or conversely, you may have already worked on some aspect of this 

and maybe we can avoid re-doing any work that you’ve already 

done.  All the mapping that we are creating is being shared with 

regional and local government.  I’d like to point out that’s not always  
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the case with 911 address information, for instance in NH the data 

are being very closely held and not shared.  We believe that taking 

an open approach means involving more stakeholders and ultimately 

creating a better product.   

 

you may be wondering is this a typical state agency “top-down” 

approach which will impose a solution that isn’t right for every 

municipality.  Its true that we’ve spent a lot of time figuring out the 

best way to do this on a statewide scale… As you can imagine, it 

involves some very large databases, millions of address records to 

be reconciled, a lot of automation, computer programming to do 

things quickly and efficiently and many thousands of address 

locations to be verified in the field.  But we’ve been thinking a lot as 

well about how and when to involve localities in the effort.   It may be 

that we are creating is not exactly what you want or need for all 

purposes, maybe not detailed enough or designed a little differently 

from what you already have, but we’d still like to talk about how we 

can share information.  Since what we are creating is a statewide 

product which is based on national standards, it does have to be 

“one-size-fits-all” but on the other hand, we have listened carefully to 

municipal users and tried to extend the product so that it provides as 

much detail as anyone could want.   Going forward, we need to work 

together to improve the product because after we’ve done whatever 

we can at the state level “on the desktop” there will still be many 

thoussands of locations that need to be verified.   

 

First, let me give you the background on this project, what we are 

doing and why.  Then we can come back to the questions around 

state-local cooperation.   

 



It will take about an hour to give you the background on this project, then we’ll 

take a break and get into discussion. We want to hear about you needs and 

efforts at the local data, and how you are managing and using address data.  

What can you tell us that may be helpful in building the statewide database. For 

example, with dispatch, we would love to hear about what kinds of situations are 

problematic.  Is it trailer parks, campgrounds, condo complexes?   most 

importantly, we want to connect.  I’m here with Michael Warner who is our full-

time municipal outreach person.  He is working with 911 data managers and 

public safety officials on some aspects of this which I will cover later in the 

presentation.  in a few months, we will be ready to start the field data capture 

phase of this project, and he will be coordinating those efforts as well.  we hope 

to engage with local government, with firefighters, planners, IT people or 

whoever, to finish the work and begin maintenance.    
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First I want to talk about current technology, how we are supporting 911 and 

other users of address data in GIS.   
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First, some 911 technology, since we’ll be talking about what we are doing to 

meet their requirements. But Again, throughout this presentation, please 

remember that the same capabilities can be used by other departments and for 

many different purposes.  Here are some acronyms and definitions that we 

should introduce.   

 

READ the definitions…. 

 

Right now, we are now providing a linear geocoding capability for state and 

municipal users which is based on the NAVTEQ street map with address 

ranges.  This dataset is being customized for 911 to display caller locations 

based on landline address in the PSAPS. Cell phone locations plot based on the 

lat-long reported by the phone.  Currently, routing of calls is handled with a 

tabular lookup of the phone number.  cell phone calls are handled by the state 

polices.   one issue that we want to discuss is that the linear gecoding results 

and the cell phone locations that come in with the call may be very much in error 

which can lead to serious problems.      

 

As you all know,  Next Generation 911, is GIS-driven.  That means that the 

accurate mapping of caller locations and the mapping of PSAP boundaries using 

the ESNs become critical because point-in-polygon overlay is used to route the 

call --that’s 911’s major responsibility, to route the call   Also, in Next Gen 

environment you’ll see much more sophisticated dispatch software, with 

imagery, links to other databases, automatic vehicle location and other fancy 

stuff, so accurate display of caller location, will be important for dispatch in that 

environment.   

 

5 



6 

Here’s an illustration of how geocoding works.  You see here a street segment, a block on 

main street and you see that on the left and right sides you have two address ranges – 100 

to 110 and 103-107.  If you’re trying to get to 108, and all you have is the road centerline 

with its address range, then you estimate the location of 108 accordingly.  This is called 

“linear geocoding”  But as you can see on the bottom, that doesn’t always work very well 

sometimes – number 105 estimated to be in the middle of the block winds up in front of the 

wrong house.  This example is fairly tame and, for many situations, the result is “good 

enough” ; however, linear geocoding can produce results that are often much worse.  The 

reason for this error is that the address location is interpolated based on the assumption 

that the addresses in the range are evenly distributed along the street block.  Geocoding to 

the parcel level, if the parcel has an address, is necessarily going to be more accurate. 

 

Geocoding is very useful for anyone who wants to see the approximate location on a map 

of where they want to go, who is planning service deliveries, or who wants to look at the 

demographics of their client base.  But I want to stress the word approximate, because 

we’ve seen errors up to several hundred feet with linear geocoding. 
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Linear geocoding is what displays now in the PSAPs, as I said. This is the 

mapstar display.  CAD systems may provide more information, such as display 

of structures and individual address points.   



The linear geocoding solution that we are providing is based on a statewide map 

of streets and address ranges from a commercial provider of car navigation 

data, NAVTEQ;  we look for new or missing streets in the msag and other 

sources and we send them data update requests; they find and drive those new 

streets and with the vehicles you see here the GPS on the roof, and technicians 

operating several high tech data collection devices like ground based LiDAR.   

Since the project inception, we’ve updated 45,000 records and added 4,000 new 

streets.  currently, the updates are running about 100-200 a quarter- of course 

we aren’t seeing a lot of development right now.   the geocoding hit rate is the 

percentage of street segments listed in the MSAG that we can match, at about 

99.5% - the actual hit rate for individual addresses is higher, about 99.8%.   but 

one interesting statistic, and one that is likely to increase, is the number of 

streets that should be in the MSAG and aren’t because there is no-one with a 

landline living on them.   
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Here’s another way we can capture missing streets – this is a web-based 

application which we provide to local 911 data coordinators and others to enter 

data based on MSAG or other sources.  this is a tiny little side-street in new 

bedford, that would have been impossible to find without local knowledge.  
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THIS IS THE MASHPEE INCIDENT quite possibly familiar to some of you.   it 

illustrates a number of issues with mapping that are incredibly common.  the 

caller’s address was 52 Jackbon road – although the address was on a shared 

driveway and the town had asked the residents to name their street..  we have 

JACKBON ROAD MAPPED AND SO it geocoded but because the range is 

“padded” as 0-100 number 52 plotted HALF-WAY DOWN THE STREET.  it was 

a dark and stormy night and the ambulance was delayed because they couldn’t 

find the driveway entrance.  There were other complicating factors, but IF WE 

WERE GEOCODING to point addresses there might havbe been a better 

chance of getting there in time.  There are hundreds of un-named, shared 

driveways across the state and they are scary – look at this one….. 



the house is a mile from the road, this is in dartmouth, at the end of a shared 

driveway and you have to wonder what signage there is at the fork and what if it 

was in the dark, bad weather and if someone took a wrong turn that would cost 

a lot of time.   of course the driver and the caller and the dispatcher are all 

patched in, so someone presumably is giving directions, but it’s still the kind of 

situation where you would like the dispatcher to have as much information as 

possible.   
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I’ve mentioned that next generation 911 is GIS driven – here’s the system will 

work, a GIS point representing caller location will plot inside a GIS polygon 

representing the psap area and that’s how the call will be routed – we call that a 

point-in-polygon overlay and obviously for it to work properly the location of the 

address has to be accurate and errors in linear geocoding could be much more 

serious than they are now.   As we just saw, the more accurate location will also 

benefit dispatch, and we expect that in next gen systems the software in the 

psaps will include display of much more GIS data – perhaps imager, structures 

and other layers.    
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So given the disadvantages of current technology, we’re looking forward to Next 

Gen.  As I described earlier, to make Next Gen work, we need a location for 

every address and we need an accurate map of emergency service zones.   

What I’ve put up here is our analysis of the problem, and its worth spending a 

couple minutes on it.  First, we realized that parcel data would be the most cost-

effective source for the initial round of addressing, if we could match parcel data 

to the Emergency Service list.  

we also knew that we wanted to associate addresses with actual structures 

visible on the ortho – ortho is a reality check and of course the more up-to-date 

the better.  in our work with Broadband we had learned that it was a mistake to 

try to interpret which was the primary structure on a parcel – that’s a key point.  

So we determined to address all structures.   Of course, many addresses might 

be associated with any one location or even one structure, so from the 

beginning we thought of taking a relational approach.  But from bitter experience 

with parcels, we wanted to avoid a many-to-many situation which is hard to 

manage in a GIS so we determined to use multi-point features for the address 

points. Finally, we planned to collect additional address detail through field work 

, where large sites like college campuses or trailer parks might have many 

structures that needed to addressed individually by name or by number.  That’s 

the stage that we are at now, about half way through processing the parcel 

addresses and beginning the field work.  
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This is the list of GIS data that we know we need, with the emphasis on 

currentness and completeness . These are the inputs to building a next gen 

database – imagery and streets, which we need for current technology plus 

parcels, (linked to assessor property records at 99.5% match rate), structures > 

150 sf  and of course address lists.   From the parcels we create emergency 

service zones as well as deriving point addresses..The good news is that this is 

also the foundation of a multi-purpose GIS for municipal use, just what we 

identified in our 2007 strategic plan for spatial data infrastructure.  The bad news 

is that we have an unbelievable amount of work to do to pull together all this 

information, process it, deploy it  and of course maintain it.    
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Here you see the GIS layers, that make up the MSDI Mass spatial data 

infrastructure we call this the pancake, Starting from the bottom, orthophoto is 

critical because it’s the base on which we compile all the other information.  On 

top of the ortho we are continuing to maintain the streets layer for geocoding 

purposes as I described.  The streets and the ortho provide the framework for 

the tax parcel mapping which comes from local govt  and is being aggregated 

and standardized at the state level.  Finally, built on top of all the other layers are 

building outlines.  All these layers are complete for Mass except the parcel layer, 

which is almost complete, the structures we just finished a few months ago 

based on spring 2011 and spring 2012 imagery.   
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the parcel mapping has been a huge project - we are just finishing up the 

last of all 351 cities and towns except Boston upgrading and standardizing 

the local parcel data, be it paper map, CAD , poor quality or wonderful 

quality GIS, it has all gone into the statewide database. The key 

requirements are a very high match to the tax list, 99.5% and the parcel 

boundaries have to be accurate enough so that structures fall into the 

correct parcel.   Unless of course they don’t in reality, which they often 

don’t.  IT took us three years and three million dollars to automate 2.2 

million parcels and we kept six vendors busy.  We are doing the work of 

standardizing the parcel addresses in-house, that is the single most time-

consuming step in the process, even though it’s highly automated, 

because this is local data and we have no control over data format.     
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this little sequence shows how poor quality parcel data, here on the boundary 

between new bedford and acushnet, is being cleaned up so that it correctly 

registers with the imagery and with the structures.   
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here you see another reason why 911 needs parcels, to build the esz’s which 

will determine how calls are routed in the next Gen software.  To create these 

we match the parcel addresses to the MSAG ranges which list the ESN and 

then aggregate the parcels .   this is from cape cod which is really balkanized in 

terms of response areas.  Because of mistakes in the MSAG and what are 

called overlap/underlap issues, which I will illustrate on the next slide,  this part 

of the project will have taken us three times as long as we figured and will be 

complete in about five months.   
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The highlighted area is Cheshire, a town in Western MA and the part colored red 

is to the west of a mountain range makes that part of town only accessible from 

the neighboring towns, so the ESZ boundary has to be different from the 

jurisdictional boundary – this is called underlap in 911 parlance. Another problem 

with ESZ’s is that Verizon often did not correctly list the MSAG community in the 

MSAG, which has caused us enormous difficultly because we actually have to 

go look at every parcel along every towns boundary.   We are seeing dozens of 

MSAG anomalies in rural towns and sometimes hundreds per community in 

more developed areas.    
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here’s the last MSDI input – statewide mapping of structures, compiled from 

orthophoto.  We’re pretty happy with this – 2.4 million structure outlines costing 

about $0.13 each from Rolta International and comparing pretty favorably to 

planimetric products costing much, much more.  I know.. too much late night TV.   

The centroids of these outlines provide the points for the initial draft address 

location database.   Every point must be linked to an address.   

22 



I want to just focus for a minute on what an address is and how we 

use them.  First of all, a lot of our work involves breaking an address 

that we get into its component parts, number street and then 

everything else, what the ESL calls “location” and the post office 

calls “sub-address”.  For instance, the example here is 20 Main 

Street, unit 4 – that unit information is the sub-address.   Now an 

address can be how you find something, it can be an identifier, it can 

also be how you send mail, which is really how the mailman finds 

something.   

 

if you’re trying to find someone, their address is their front door, quite 

possibly a unit inside a building. if you’re the mailman, you aren’t 

climbing up to the fourth floor to deliver the mail – most likely the mail 

boxes are near the entrance to the building, which has some signage 

on the outside.  From a first responder point of view, the door to the 

unit is good, but you’d settle for the building.  From the perspective of 

a local assessor, the address might be associated with several 

buildings or even with a undeveloped parcel of land.  The address 

could represent the entrance to a whole complex of buildings, like 

the gate you see here, you could have a singe street address for an 

entire college campus.  That gets you get into the secondary portion 

of the address, the building, floor and unit.   

 

The Federal Geographic Data Committee developed a standard for 

addressing which NENA the national emergency numbering 

association adopted and which lays all this out.   

 

 

 



We need an address standard because we have no other way of matching 

between different sources of address information.  What I’m showing here is 

tabular sources in green and geography in blue.  the drill is to match them.  As I 

just mentioned more and more people are cutting the land line, the ESL is no 

longer a complete list.  We are using the local tax lists as the primary source, but 

they are not real time,  Besides tapping into the 351 different address 

assignment workflows at the local level in Mass. which we have documented but 

are sometimes pretty tenuous, utilities are probably the holy grail of getting new 

addresses.  The address standard ensures that we can reliably identify new 

addresses vs. ones we already have, and do the outreach and/or field work to 

map them if we don’t have that already.   
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I’ve mentioned the ESL a few times – it’s the white pages (plus the unlisted 

numbers) and is used to lookup the address by phone number in the current 

technology.  Here’s why the ESL doesn’t work for us – its because, as you all 

know, landlines are going away, One survey found that currently, 23% of 

households have no land line at all, only a cell phones.   So those addresses are 

now missing from 911’s master list.  This is why we are conflating our master 

address list from multiple sources.  There is no single comprehensive source, 

although electric utility customer lists will come close they won’t list all rental 

units.   
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TIGER is the census mapping 



Back to the address standard for one second, here’s the standard as it applies 

to sub-address information, we’ve slightly expanded it.  There are separate 

fields for each of the parts fo the sub-address. This is where you include 

information about sites, (read examples) and locations within a site like parking 

lots or playing fields,  this are also fields for building name, possibly business or 

institution name .  The building, floor, unit are all fields in the NENA standard.   
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So how are we going to organize and manage all these datasets.  Here are what 

you might call our principles of address location data management why we are 

organizing and managing our data a specific way.  The most basic rule is that 

every address links to an address location (geography) via a shared address 

point ID.  an address location can be a parcel center, it can be a non-building 

point like a parking lot, it can be a cluster of buildings grouped together into what 

we call a multi-point feature, it can be a single building center point, it can be a 

building entry door or an interior point.   The key is that every address location 

represents a unique and distinct location –In a lot of systems where every 

address has its own point,  a 100 condo units in a building will be represented by 

100 points all stacked up but we think that’s too awkward to manage, so we 

don’t allow stacked points or another version that you see sometimes, arbitrarily 

scattered points.  Also, we call this a relational model, because a single address 

point can be linked to a lot of addresses, as in an apartment building with 

hundreds of units. Of course with clusters of points you probably just want one 

label.   
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I’m sparing you the elaborate data model diagram showing the relationship 

between all the different tables and data layers in our model but happy to share 

it if anybody wants to.  These are what you might call the use cases, or 

examples, starting with the simplest case, one parcel, one structure, one 

address – the addresss point ID, MP1 in this diagram, links the record to the 

point.  We start out with a map of all the structures and a list of all the 

addresses, and the process of building the database consists of filling in the 

address point ID in the address record.    
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Here’s a few examples of the field work – in this case a single blue dot 

represents the linear geocode of an address that doesn’t match a structure.  The 

address, 100 Blueberry Lane, doesn’t look like there’s room for it between 94 

and 106, but the number is in the ESL, so we have to look for it, even though it 

looks like an error.  
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This is most likely a house and a garage on a single family lot.  both 
structures are linked to the address, because you can’t always tell 
which is which , or maybe there’s an in-law apartment or some other 
address that you don’t know about.  The point is that you shouldn’t 
try to guess which is the primary structure, so we have a 2-part 
multi-point with ID MP1 again, linked to an address record.     
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this is also very common, a multi-family dwelling.  Again, we prefer managing a 

single point rather than a stack. so the address point ID gets repeated in every 

address record.    
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Now we’re getting into more detail - this is a row house where you have 

separate numbered addresses, so the single address point has been replaced 

by 3 address points whose locations are collected in the field.  each one has its 

own address point ID and is individually linked to an address record.   
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if a building spans a parcel boundary and you have two different addresses then 

we automatically generate two points, again each is a distinct feature.   
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we don’t always generate another point, if the building is just hanging over the 

boundary – these are the rules that we use to determine if two points are 

needed…but in the interests of time I won’t go into that level of detail.   
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This is what we call a site, which is a polygon designated as an area within 

which individual buildings must be tagged for response purposes.  So this is a 

mock campus, you have here the admissions building, the gym, bancroft hall, 

each addressed by name.  You may aggregate parcels in common ownership to 

create sites, and you may in the field decide that you don’t need to tag every 

structure, but that’s the general idea..    
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We worked with Williamstown MA over a year ago on address assignment  
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This is very common and the most problematic of the site configurations – many 

units spread across many buildings – this site could be 40 acres in size and 

have dozens of buildings.  In the field, the unit records are displayed in the field 

data capture app and have to be selected and assigned to the right building.  

The idea though is just the same as all the other cases, the address point ID is 

transferred by the field data capture app to the appropriate address records… 
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Heres a  condo complex, westwood glen in westwood ma, where you have 

seven big condo buildings and a total of 161 units to be assigned, I’ve shown 

just a few of the unit records.  Here you see in the top record the assessor lists 

the address as just westwood glen the msag shows westwood glen road which 

we have mapped so we can geocode the individual address numbers along that 

little stretch of westwood glen road.   You can see we’ve designated this as a 

site which we know we have to visit.   Each building has a single address point 

and we want at a minimum to assign the right addresses to each building.    
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Here’s how it is after field work – the addresses now are linked to points actually 

representing sections of the buildings with separate entrances, so the three 

address records would now be linked via address point ID to the point I’ve 

indicated… 
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